ABSTRACT A study was conducted to evaluate feather development in male broiler chickens fed variable levels of dietary CP and lysine. Diets contained 170, 210, 250, or 290 g of CP/kg with 0.86, 1.22, 1.34, or 1.46% lysine, each being fed to 2 replicate groups of 4 chicks. Dietary CP per se had a significant effect on feather weight and feather nitrogen gain. Increasing dietary CP from 170 to 250 g of CP/kg of diet increased feather weight and feather nitrogen gain. No differences were found at higher dietary CP levels. Dietary lysine levels from 0.86 to 1.46%
INTRODUCTION
Feathers are important body structures that provide insulation to help reduce maintenance energy needs and also help prevent skin abrasions and infection. Optimum feathering is considered crucial in modern broiler production due to demands for high standards of carcass quality (Lopez-Coello, 2003) . Poor feathering increases condemnations or downgrading of birds at slaughtering, thus reducing net profit. Feathering may be affected by factors such as nutritional deficiencies, toxicity, pharmaceuticals, nutrient concentration, and feed restriction (Barbi et al., 2003) . Dietary CP level is considered one of the main nutritional factors influencing feather development. Previous research suggests that CP level affects feather growth (Twining et al., 1976; Aktare et al., 1996; Melo et al., 1999) . Essential amino acids (EAA), such as sulfur amino acids, valine, lysine, and arginine, have also been shown to affect feather development (Wheeler and Latshaw, 1981; Penz et al., 1984; Farran and Thomas, 1992) . Lysine is usually the second limiting amino acid in commercial poultry diets, and other EAA are referenced to 2004 Poultry Science Association, Inc. Received for publication March 8, 2004 . Accepted for publication May 19, 2004. 1 Permanent Address. Universidad del Zulia, Facultad de Ciencias Veterinarias, Avenida Goajira, Ciudad Universitaria, Maracaibo, Estado Zulia, Venezuela.
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did not affect feather weight, feather nitrogen gain, or feather:body weight in male chicks to 21 d. However, feather weight and feather nitrogen gain decreased as lysine increased in diets with 170 and 210 g of CP but not with 250 or 290 g of CP/kg. Percentage of total feather nitrogen was also influenced by the level of dietary lysine in diets containing 210 and 250 g of CP/kg. Feather development was more influenced by dietary CP per se than by levels of lysine.
this when applying the concept of ideal protein (Baker and Han, 1994) . Lysine accounts for 2.4% of the dry matter of feathers (Leeson and Summers, 1997) . Morris et al. (1987 Morris et al. ( , 1999 have suggested a lysine:CP ratio of 5.7% for optimal broiler growth. In our previous studies (unpublished observation) a relationship between lysine needs and dietary CP was shown in terms of growth, feed efficiency, and nutrient use. Because proportionally more amino acids are used for feather growth in young vs. old birds, the variables of lysine and CP as they influence feather yield in 21-d-old broilers were tested; such data were of interest not only in terms of feather growth per se but also interpretation of data regarding the influence of CP on lysine needs of young birds.
MATERIALS AND METHODS
Ninety-six 1-d-old male broiler chickens of a commercial strain (Ross × Ross) were randomly allocated to 1 to 12 treatments of 8 chicks each. Two other cages of 8 chicks each were used for initial feather cover measurement at 7 d. Each treatment consisted of 2 replicates of 4 chicks each. Chicks were housed in electrically heated battery brooders 3 where feed and water were available ad libitum. Lighting was provided 23h/d. All birds were fed ad libitum to 7 d of age with a commercial standard cornsoybean meal diet ( Supplied per kilogram of diet: vitamin A, 4,858 ug (retinyl palmitate); vitamin D 3 , 82.5 ug (cholecalciferol); vitamin E, 40 mg (DL-α-tocopheryl acetate); riboflavin, 8.0 mg; biotin, 0.22 mg; thiamin, 4 mg; pantothenic acid, 15.0 mg; vitamin B 12 , 12 µg; niacin, 50 mg; choline, 600 mg; vitamin K, 3.3 mg; folic acid, 1.0 mg; ethoxyquin, 120 mg; manganese, 70 mg as manganous oxide 60%; zinc, 70 mg as zinc oxide 72%; copper, 10 mg as copper sulphate 25%; iron, 60 mg as ferrous sulfate 30%; iodine, 1 mg, and selenium, 0.3 mg. diets were offered to chicks until they were 21 d of age. Three basal diets, wherein 2 protein concentrates (290 g of CP/kg of diet with lysine at 1.46 or 0.86% diet) and a protein-free diet with an identical calculated metabolizable energy content were formulated to prepare the experimental diets (Table 1 ). The protein concentrate diets were formulated to have EAA, other than lysine, at least 1.2 times the birds' requirements according to NRC recommendations (1994) . Formulation was based on prior analyses of corn, soybean meal, and corn gluten meal for protein and amino acids. Diets with CP levels of 170, 210, 250, and 290 g of CP/kg were formulated by mixing the 2 basal protein concentrates and the nitrogen-free diet, so as to provide the 4 levels of CP and 3 levels of lysine (0.86, 1.34, and 1.46 % diet; Tables 2 and 3) . Diets with 170 g of CP/kg contained lysine at 0.86, 1.22, and 1.34% (Table 2 ). In a previous study (unpublished data) we 4 Model FP-428, Leco Instruments, Mississauga, ON, Canada.
observed an apparent toxic effect of lysine at 1.34 and 1.46% in the diet with 170 g of CP/kg, and so 1.22% lysine was the maximum used in this diet. When required, Llysine HCL was also added to achieve the required level of lysine. At d 7, all birds were randomly reallocated to battery brooder pens such that each pen had chicks with approximately the same initial weight. Additionally, 5 chicks were weighed and euthanized, and the feathers removed to be used as a reference starting point for the trial. At 21 d of age, 5 chicks per treatment were randomly selected from across the 2 replicate cage groups, weighed, and euthanized by cervical dislocation, and the feathers removed and weighed. Feather nitrogen determination was assessed using a nitrogen analyzer. 4 Nitrogen present as feathers was estimated by calculating feather nitrogen gain from 7 to 21 d relative to whole body nitrogen gain from 7 to 21 d.
Statistical Analysis
The experiment was arranged as a 4 × 3 factorial design with replicate as the experimental unit. Response vari- ables having a significant F-test (P < 0.05) were analyzed using Tukey's studentized range test (Steel et al., 1997) . Due to significant interaction for feather nitrogen gain, a 1-way ANOVA was used to test the effect of dietary lysine levels at each of the dietary CP levels.
RESULTS
Feather parameters in relation to increasing lysine levels at graded dietary CP levels are shown in Table 4 . Increasing lysine levels at CP levels ranging from 170 to 290 g of CP/kg of diet did not influence feather weight, feather nitrogen gain (g), or feather as percentage of live weight in chicks to 21 d (Table 4) . Percentage of total nitrogen that was present as feather was influenced by the level of dietary lysine at 210 and 250 g of CP/kg of diet. No differences were found when diets contained 170 and 290 g of CP for CP level of feather as a percentage of live weight (Table 5) . As CP was increased from 170 to 250 g/kg of diet, feather weight (g) and feather nitrogen gain (g) increased (Table 6 ). However, no further differences were observed in feather weight (g) and nitrogen gain (g) of chicks to 21 d when dietary CP was increased from 250 to 290 g/kg.
DISCUSSION
In the present study dietary lysine levels ranging from 0.86 to 1.46% used in diets with CP levels ranging from 170 to 290 g/kg of diet did not affect feather weight, feather nitrogen gain (g), or feathers as percentage of live weight in chicks to 21 d (Tables 4 and 5 ). The level of dietary CP influenced feather development. As CP increased from 170 to 250 g/kg, feather growth increased. However, no further improvement was found when higher levels (>250 g of CP/kg) of CP were offered. Previous research suggests that the level of CP in a diet affects feather growth (Twining et al., 1976; Melo et al., 1999) , where weight of feathers in broiler chickens increases as dietary CP increases (Aktare et al., 1996) and decreases as CP declines (Lopez-Coello, 2003) . Thus, formulating diets with CP at requirement level during the starter period seems necessary for optimum feather development. Si et al. (2000) found that only when the level of CP in the diet was reduced to 18% or less did feather weight, feathers as a percentage of live weight, or both decline. In this experiment, levels of methionine, cystine, threonine, arginine, tryptophan, valine, isoleucine, and phenylalanine were at least 107.5% of NRC (1994) recommendations. Even when meeting the essential amino acid needs, a minimum dietary CP level in the diet seems essential for adequate feather growth. Feathers are composed of about 92% CP on a dry matter basis (Leeson and Summers, 1997) , and so reduction in protein intake is expected to influence feather development. The amino acid composition of feather protein is different from that of body protein, implying that nutrient needs for growth of feather and body differ (Martin et al., 1994) . The optimum amino acid balance and need for any minimal level of nonprotein nitrogen for feather growth has not been adequately defined. Weight gain and feed conversion in chicks is also often impaired when using low CP diets regardless of amino acid levels (Moran and Stilborn, 1996; Leeson et al., 1999) . Twining et al. (1976) showed that dietary CP level influenced feather regeneration. With more CP in the diet, more feathers were found on the litter, implying increased development and growth of feathers followed by molting. In the present experiment, when CP content of the diet increased from 250 to 290 g/kg of diet, decreases of about 12% were noted for feather weight and feather nitrogen gain.
Intakes of EAA also influence feather development. Lysine is the second limiting AA in commercial broiler diets and represents about 2.4% of feather protein (Leeson and Summers, 1997) . In the present experiment, lysine used at levels from 0.86 to 1.46% of diet did not affect feather weight, feather nitrogen gain or feather:body weight in male chicks to 21 d. Lopez-Coello (2003) evaluated the effect of lysine at 1.1 vs. 1.35% and 0.95 vs. 1.15% in the starter and finisher periods in broiler chickens. Although no differences (P > 0.05) were found for feather weight and feather as a percentage of BW, there was a reduction of around 16 and 14% for feather weight at 21 and 42 d, respectively. Lysine apparently has more of an effect on feather pigmentation than on feather weight. Grau et al. (1989) suggested that lysine deficiency during Significance levels (P < 0.05).
the critical stages of growth in turkeys, chickens, and Japanese quail resulted in white feathers instead of a normal dark bronze. However, dietary lysine deficiency did not affect feather pigmentation in cockatiels and pigeons. Thus, there are differences in species regarding the effect of nutritional deficiencies on feather pigmentation. There was no visible change in the color of the white feathered broilers used in this trial. Sulfur containing amino acids are of importance for both muscle development and feather formation. Synthesis of feather keratin is mainly related to the sulfur containing amino acids (Wheeler and Latshaw, 1981) . Methionine and cystine account for 0.7 and 5.5%, respectively, of feather amino acid composition (Leeson and Summers, 1997) . A marginal deficiency in methionine or cystine will influence feathering (Moran 1984; Deschutter and Leeson, 1986) because the proportion of the sulfur containing amino acids is higher in the integument compared with muscle protein. Feather development is also affected by other EAA, such as arginine (Wylie et al., 2003) , valine (Farran and Thomas, 1992) , and leucine (Penz et al., 1984) and branched amino acids (Robel, 1977) . Deficiency of amino acids or any imbalance may negatively influence feathering in chicks.
In conclusion, feathering was affected by the content of CP in the diet but not by the levels of lysine. Proportionately more lysine is contained in body protein than in feather protein, whereas the converse applies for sulfur amino acids. Thus, deficiency of dietary lysine will likely have more influence on body protein than on feather development. This finding has implications for a situation in which lysine is formulated as a proportion of CP (Morris et al. 1987 (Morris et al. , 1999 .
